Background: This study aimed to assess children's diet quality in Crete and the potential role of several socio-demographic factors related to it. Methods: Between October 2005 and March 2006, 481 primary school children were recruited from Crete. Dietary intake data was obtained using a combination of techniques comprising a 24 h recall and 3 food diaries. The Healthy Eating Index (HEI) was calculated summing the individual scores (0-10) assigned to 10 index components. Results: The majority of participants (84.5%) had diet that 'needs improvement' (HEI score: 51-80). Twelve percent of participants had 'poor diet' and only 3.5% of schoolchildren had 'good diet' (HEI score 480). The overall mean of the HEI score was 60.5. The mean values of the HEI components score ranged between 2.8 (that is, the HEI component that measures vegetables intake) and 9.9 (that is, component that expresses the variety of consumed foods). Low mean values were found in the total fat and saturated fat components (3.7 and 3.4, respectively). Moreover, the HEI score was strongly associated with dietary macronutrients and micronutrients intake. Conclusion: On the basis of the HEI score, the vast majority of children were found to have a diet that 'needs improvement'. This indicates the increased necessity of drawing and implementing nutrition education programs targeting both children and their families and aiming to increase vegetables and fruits intake and reduce fat intake.
Introduction
Children's 'poor' diet observed in developed countries during last decades have resulted in an increasing prevalence of risk factors for chronic diseases such as obesity, high blood pressure and increased cholesterol levels in children (Hampl et al., 1999; Devaney et al., 2004; Kranz et al., 2004; Muntner et al., 2004; Angelopoulos et al., 2006; Magkos et al., 2006; Manios et al., 2008) . Both the aforementioned clinical risk factors and several behavioral factors, such as unhealthy dietary habits or lifestyle patterns, originating in early life seem to track into adulthood increasing the risk for developing chronic diseases in adult life (Boulton et al., 1995; Hesketh et al., 2004) . Therefore, the identification of children who follow an unhealthy diet is of critical importance.
Assessment of diet quality is complicated. Several nutritional epidemiologists have examined the intake of single nutrients or foods to assess diet quality among children. However, it is widely known that individuals do not consume isolated foods/nutrients but meals that consist of a combination of foods and nutrients. Therefore, although several epidemiological studies have revealed increased consumption of energy, inadequate intake of certain nutrients (that is, fiber), excessive intake of other nutrients (that is, total fat, saturated fat, sugar) and low consumption of fruits and vegetables among children, it does not reflect the overall diet quality (Hampl et al., 1999; Ballew et al., 2000; Kranz et al., 2004 Kranz et al., , 2005a Manios et al., 2008) . As a result, dietary pattern analysis has recently emerged as an alternative approach to evaluate diet quality. Two different methods have been proposed to extract dietary patterns (Hu, 2002; Jacobs and Steffen, 2003) . The one method is a statistical approach using multivariate techniques, while the other method is based on the development of dietary quality indices that evaluate the degree of adherence to a certain dietary pattern (that is, Mediterranean diet) or current dietary guidelines. The latter method has received increased interest. The composite dietary quality indices have become attractive because they capture the multidimensional nature of people's diet.
Up to date, several dietary indices have been proposed in the literature (Patterson et al., 1994; Kennedy et al., 1995; Trichopoulou et al., 1995; Huijbregts et al., 1998; Panagiotakos et al., 2006) . The vast majority of them are inappropriate to be used in studies conducted among children because these indices have been developed based on dietary recommendation proposed for adults (Patterson et al., 1994; Trichopoulou et al., 1995; Huijbregts et al., 1998; Panagiotakos et al., 2006) . However, the Healthy Eating Index (HEI) has been designed to assess diet quality for subjects 2 years of age and older (Kennedy et al., 1995) . Several studies have investigated whether this index is related to nutrient adequacy or particular health outcomes among adults (Ford et al., 2005; Fung et al., 2005; Pick et al., 2005) . However, limited similar data are available among school-aged children and especially in children from a Mediterranean country (Batsiotis et al., 2002; Feskanich et al., 2004) .
Therefore, this work aimed to evaluate diet quality of children from Crete a Greek island by the use of the HEI score. Moreover, the association of this index with several macro-and micronutrients was examined.
Methods

Study population
Between October 2005 and March 2006, 522 children (54% girls) aged 10-12 years were recruited from 20 schools located in urban regions (Iraklio county) and 7 schools located in rural regions (Lasithi county) of Crete, Greece. Among those, complete data on anthropometric, dietary, physical activity and cardiorespiratory fitness data had been recorded for 481 children (92%). The sampling of the schools was random and multistage.
All children in the same class were invited to participate in the study to avoid ethical problems. An extended letter explaining the aims of this study and a consent form was provided to each parent in these schools. Those parents agreed to participate in the study had to sign the consent form and return it back to school. Approval to conduct the study was granted by the Ethical Committee of Harokopio University of Athens and the Greek Ministry of Education.
Anthropometric measurements
Body weight was measured by a digital scale (Seca Alpha Model 770, Hamburg, Germany) with an accuracy of ± 100 g. Subjects were weighed without shoes. Standing height was measured without shoes to the nearest of 0.5 cm with the use of a commercial stadiometer. Body mass index was calculated as weight in kg to height-squared in m 2 ratio. Children were classified as 'normal weight, ' 'overweight' and 'obese,' according to the IOTF's age-and sex-specific body mass index cutoff points (Cole et al., 2000) .
Dietary assessment
A combination of a 24-h recall and a 3 days food diary was used to collect information regarding children's dietary intake (Farris and Nicklas, 1993) . The dieticians of the research group collected information using a 24-h recall during the first day of the morning visit at each school. During the interview, each child was familiarized with portion sizes and the relevant procedures to successfully complete a food record at home in the forthcoming days, most preferably one Sunday and two weekdays. When food records were returned at school, a team member received and checked the records for any miss-recorded or missing information. Food intake data were analyzed using the Nutritionist V diet analysis software (First Databank, San Bruno, CA, USA), which was extensively amended to include traditional Greek foods and recipes, as described in Food  Composition Tables and Composition of Greek Cooked  Food and Dishes (University of Crete , 1991; Trichopoulou, 2004) . The databank was updated with nutritional information of chemically analyzed commercial food items widely consumed by schoolchildren in Greece. The distribution of usual intakes was estimated by using the National Research Council method (NRC method), which attempts to remove the effects of day-to-day variability (within subject) in dietary intakes (National Research Council, 1986; Institute of Medicine Food and Nutrition Board, 2001 ). More specifically, the equation used for the calculation of adjusted (usual) intake was the following:
Physical activity assessment Assessment of children's moderate to vigorous physical activity was performed by using a standardized activity interview, based on a structured questionnaire completed by a member of the research team (van Mechelen et al., 2000; Manios et al., 2008) . Children were asked to report the time spent on various physical activities on two consecutive weekdays and one day during the weekend as well as all activities that they were engaged in, either alone or with their peers or under the supervision of a trainer. The time (min/week) devoted weekly to organized moderate activities was considered as the organized moderate to vigorous physical activities. Organized moderate to vigorous physical activity and not total moderate to vigorous physical activity was used, because studies have shown that organized physical activity is more accurate because of less recall bias from children (Telama et al., 2005) . Finally, the total weekly time (min/week) spent on sedentary activities (that is, television (TV) watching, video games and recreational computer usage) was characterized as TV time. Taking into account the fact that the American Academy of Pediatrics suggests that pediatricians should ask parents to limit total TV viewing time to no more than 1-2 h/day (American Academy of Pediatrics, 2001), the sample of this study was divided into two groups as following: children watching TV less than 2 h/day and those watching TV 2 h/day and more.
Diet quality assessment
The HEI score was used to assess the overall diet quality of children from Crete (Kennedy et al., 1995) . The HEI is the sum of scores assigning to 10 components. The first 5 components measure the degree of compliance of people with the USDA's Food Guide Pyramid recommendations regarding grains, vegetables, fruits, dairy and meat intake.
The next 4 components of the HEI assess the degree of adherence to recommendations from Dietary Guidelines for Americans regarding total fat, saturated fat, cholesterol and sodium intakes. The final component examines the variety of foods in people's diet. Scores between 0 and 10 were assigned to all components. For example, score 10 was assigned to each one of the first five index components when someone consumed the recommended number of servings and more, whereas score 0 was assigned when no consumption was reported. Intermediate scores were computed proportionately to the number of servings consumed. In terms of the overall HEI score, the categorization proposed by Kennedy et al. (1995) was used. In particular, an HEI score over 80 implies a 'good' diet, a score between 50 and 80 indicates a diet needs improvement and a score lower than 50 indicates a 'poor' diet. However, because only 3.5% of participating children had a 'good' diet, further categorization of the HEI score was performed using its quartiles. In addition to HEI, the HEI components, the total energy intake, carbohydrate and protein intake and selected nutrients, such as folate, fiber, iron, vitamin C, magnesium, phosphorous, zinc and calcium, were used to further assess preschoolers' diet quality. These nutrients were selected because they are very important for children's growth and because the risk for deficiencies is increased.
Statistical analysis
The Shapiro-Wilk test was used to evaluate the normality of continuous variables (that is, HEI score, HEI components score, energy and several nutrients intake). Continuous variables are summarized as mean±s.d. and categorical variables are summarized as relative frequencies (%). The associations between the HEI component scores or the HEI score and binary variables (that is, sex, children physical inactivity and activity) were evaluated through Student's t-test or Mann-Whitney when scores were normally or skewed distributed, respectively. Moreover, one-way analysis of variance after testing for equality of variances (homoscedacity) or Kruskal-Wallis test were used to evaluate the associations between foods/nutrients intake and the groups of the HEI score. However, due to multiple comparisons, we used the Bonferroni correction to account for the increase in Type I error.
A probability value of 5% was considered statistically significant. All statistical calculations were performed using the SPSS version 14.0 software (SPSS Inc., Chicago, IL, USA).
Results
Among 481 schoolchildren participating in this study, 84.5% had HEI score between 51 and 80 (that is, diet 'needs improvement'). Twelve percent had 'poor diet' and only 3.5% of schoolchildren had HEI score higher than 80 (that is, 'good diet'). The overall mean ± s.d. of the HEI score was 60.5 ± 9.2. This implies that the diet of schoolchildren in Crete, on average 'needs improvement'.
The mean values of the HEI component scores ranged between 2.8 and 9.9. The lowest mean value ± s.d. was observed in the vegetables component (2.8±2.2). Moreover, low mean values were found in the total fat and saturated fat components (3.7 and 3.4, respectively), indicating increased consumption of high-fat foods. On the contrary, the highest mean values were observed in cholesterol, sodium and variety components of HEI (9.2, 9.8 and 9.9, respectively).
The mean values of all HEI components are summarized in Table 1 . Table 2 illustrates the mean ± s.d. for the 10 component scores and selected nutrient intakes by the quartiles of the HEI score. As it was expected, the consumption of vegetables, grains, fruits, milk and meat increases when the HEI score increases (that is higher quartiles of HEI score). On the other hand, the total and saturated fat intakes decrease across higher quartiles of the HEI score. Moreover, the selected nutrient intakes were significantly associated with the HEI score ( Table 2 ). In particular, carbohydrate intake, folate, fiber, iron, vitamin C, magnesium, calcium, phosphorous and zinc intakes were higher in the highest quartile of the HEI score compared with the lowest quartile. Table 3 summarizes the mean±s.d. values of the HEI component scores and the HEI score based on gender, physical activity status of children and children's body mass index status. No difference was found in the HEI score between boys and girls. However, it was observed that boys consumed more vegetables and milk and less total and saturated fat compared with girls. Moreover, the HEI score was higher among children with more than 3 h/week physical activity compared with those with less than 3 h/week physical activity. Regarding the association between children's body mass index status and the HEI score or the HEI component scores, it was detected that overweight children consumed less grains compared with the other children. No significant association was observed between the HEI score, the single HEI component scores and the maternal educational status (data not presented).
Discussion
The US Department of Agriculture's Center for Nutrition Policy and Promotion proposed the HEI, which is a useful tool to evaluate the diet quality of Americans (Kennedy et al., 1995) . In particular, this instrument was meant to detect the degree of compliance to recommendations from the Dietary Guidelines for Americans aiming to maintain health and reduce the risk for chronic diseases. The HEI score can be used to rank individuals by their diet quality. Although this index has extensively been used to evaluate overall diet quality among adults, only few data are available among children. Moreover, to the best of our knowledge, this index has never been applied in Greek primary schoolchildren. Therefore, this work aimed to evaluate whether the HEI is an adequate tool to measure diet quality in school-aged children from Crete and to assess dietary habits of these children.
The current results indicate that the HEI score is an adequate tool to detect diet quality among children from Crete, as it was observed that the HEI score was moderately to strongly associated not only with foods but also with nutrients such as folate, vitamin C, iron, phosphorus, magnesium, fiber, vegetables, fruits, meat and so on. These findings are in accordance with those reported in an earlier work where the HEI score had been applied in children aged between 9 and 14 years (Feskanich et al., 2004) .
As concerns diet quality of children from Crete, the present findings revealed that more than 96% of the children of Crete had overall diet quality that was rated as 'poor' or 'needs improvements.' Moreover, the mean value of the HEI score was almost 61. This finding is partially in agreement with those detected in other similar studies conducted in the United States of America and Spain (Batsiotis et al., 2002; Royo-Bordonada et al., 2003; Feskanich et al., 2004; Knol Batsiotis et al. (2002) reported that the mean value of the HEI score was 66 for children aged 7-10 years, 61.4 and 60.8 for females and males aged 11-14 years, respectively . A little higher HEI score was found in a study carried out among the US children aged 6-11 years (that is, the HEI mean score ranged between 63.2 and 69.9) and in lowincome US children aged 4-8 years (that is, the HEI mean score was 65.8 for light eaters and 69.6 for substituters) (Knol et al., 2005; LaRowe et al., 2007) . Moreover, comparing the results of this work with those from a study conducted in another Mediterranean country (that is, Spain) among children aged 6-7 years, it was observed that diet quality of the current population is a little lower than that of Spanish children (that is, mean HEI score: 64.6). Increased total and saturated fat intake as well as low fruit, vegetables and meat intakes account for low diet quality observed in this study. It was detected that the mean score of fruit, vegetables, meat, total fat and saturated fat components was lower than 5, indicating inadequate intake of fruits, vegetables and meat and increased consumption of total and saturated fat. Moreover, even children in the highest HEI quartile consumed lower than the recommended servings per day for grains, vegetables and meat. Furthermore, the consumption of total and saturated fat intake was found to be above recommended amounts. In general, these findings are in agreement with earlier studies conducted in the United States of America reporting that fruits, vegetables and whole grains consumption needs to be increased, whereas total fat should be decreased (Veugelers et al., 2005; Langevin et al., 2007; Metcalf et al., 2007) . Therefore, it was revealed that the dietary habits of children from Crete are closer to a Western diet pattern rather than to the Mediterranean diet, as it would be expected.
At this point, the limitations of this work should be mentioned. First, the dietary assessment is, generally, questionable. Although 3 days food diary was used and children were trained to complete this, there is an increased risk of over-or under-recorded information. Therefore, it is possible that there is a bias in the estimation of the diet quality of participants. Second, a valid questionnaire to assess the children's physical activity was used, although it is widely accepted that the use of accelerometry would provide more valid data.
To sum up, the HEI was found to be strongly associated with key nutrient, in respect to optimum growth and development in childhood, indicating that the HEI score can be used to determine diet quality in school-aged children from Crete. Moreover, the current results highlight the necessity of drawing and implementing nutrition programs targeting both children and their families and aiming to increase vegetables and fruits intake and reduce fat intake. 
Gender
Male 6.7±2.1 3.0±2.1* 4.5±3.7 8.0±2.4* 5.1±2.4 4.1±3.9* 4.0±4.6* 9.2±2.1 9.7±1.2 9.9±0.8 61.3±9.9 Female 6.4 ± 2.1 2.7 ± 2.1 4.9 ± 3.6 7.5 ± 2.5 4.7 ± 2.3 3.3 ± 3.5 2.9 ± 4.1 9.3 ± 1.9 9.9 ± 0.5 9.9 ± 0.8 59.8 ± 8.5
Children BMI status a Normal weight 6.8 ± 2.1* 2.8 ± 2.1 4.7 ± 3.7 7.7 ± 2.5 5.1 ± 2.3 2.9 ± 3.1 2.7 ± 4.0 8.8 ± 2.6 9.7 ± 1.1 9.9 ± 0.6 60.5 ± 9.0 At risk of being overweight 6.5±2.0 3.0±2.4 4.8±3.5 7.9±2.5 4.8±2.3 3.0±3.2 2.8±4.0 9.4±1.8 9.9±0.9 9.9±0.8 61.5±9.7
Overweight 5.7±2.1 2.4±1.7 4.4±3.7 7.5±2.5 4.7±2.5 2.7±3.2 2.0±3.7 9.7±1.1 9.9±0.3 9.9±1.1 58.9±9.0
Physical activity status o3 h/week 6.6 ± 2.1 2.7 ± 2.2 4.4 ± 3.6* 7.4 ± 2.6* 4.9 ± 2.4 3.0 ± 3.2 2.8 ± 4.1* 9.1 ± 2.2 9.9 ± 0.6 9.9 ± 0.7 59.9 ± 9.2* 43 h/week 6.5 ± 2.0 2.9 ± 2.1 5.1 ± 3.6 8.4 ± 2.2 5.0 ± 2.3 2.8 ± 3.0 2.3 ± 3.8 9.2 ± 2.0 9.7 ± 1.4 9.9 ± 0.5 61.5 ± 9.3 TV viewing time o2 h/week 6.2 ± 2.2 2.8 ± 2.3 4.9 ± 3.6 8.0 ± 2.6 4.8 ± 2.2 2.8 ± 3.2 2.2 ± 3.7 9.3 ± 2.1 9.9 ± 0.6 9.8 ± 1.4 59.9 ± 9.6 X2 h/week 6.6 ± 2.0 2.8 ± 2.1 4.6 ± 3.7 7.7 ± 2.5 5.0 ± 2.4 2.9 ± 3.1 2.7 ± 3.9 9.1 ± 2.2 9.8 ± 1.0 9.9 ± 0.8 60.4 ± 9.0
Abbreviations: BMI, body mass index; HEI, Healthy Eating Index; s.d., standard deviation. *P-value o0.05 for comparisons of HEI component values and total HEI score among the several groups of each characteristic (that is, between male and female and so on).
a Bonferroni correction has been used to account for the increase in Type I error due to multiple comparisons.
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